Introduction
1. The US Navy is currently involved in expanding its submarine base in Kings Bay, Georgia, to allow complete support facilities for the Navy's new fleet of Trident submarines. In doing so, major improvements to the navigation channels will be required to accommodate the larger and deeper draft vessels. The improvements include extensive channel deepening, realignments, and possibly the construction of structures to assist in minimizing increased maintenance dredging requirements.
2.
The US Army Engineer Waterways Experiment Station (WES) was requested by the Navy to provide guidance on predicting changes in the hydrodynamic and sedimentation characteristics throughout the Kings Bay area that would result from the channel improvements. The approach taken by WES includes using physical and numerical models to make these projections both inside and outside the St. Marys River entrance.
3 . In a separate request, the Navy asked WES to evaluate the use of sand bypassing systems as a means of minimizing shoaling and the required maintenance dredging in the St. Marys River entrance channel. The purpose of this report is to give the findings on the feasibility of sand bypassing at the St. Marys River entrance.
Sand Bypassing Systems
4 . Sand bypassing is a dredging technique that is used to promote the transfer of sand around barriers which interfere with the natural processes of longshore transport. It is typically used at coastal inlets where man-made jetties provide obstructions that result in entrance channel shoaling and erosion of downdrift'beaches. Bypassing is most commonly accomplished by using dredge pumps and pipelines to provide the means of transportation for the sand. A wide variety of system configurations are possible and are generally designed to address site-specific requirements.
5. Sand bypassing systems are normally classified by their degree of mobility (Richardson and McNair 1981) . They can be classified as follows: a. Fixed systems. These systems have their entire physical plant 7 fixed in a single location. Common examples include dredge pumping systems that operate from a pump house or jet pump systems using fixed jet locations. These systems are effective only if the flow paths of the littoral transport are predictable and the bypassing intakes can be located properly.
b. Mobile systems. The entire physical plant of mobile systems -can be easily relocated throughout the project area depending on the location of the material to be bypassed. Typical examples include floating dredges or movable jet pump arrays. An advantage of mobile systems is that they can be moved to the areas of most concern which can vary considerably depending on the season or on particular storm events.
c. Semimobile systems. These systems as the name implies incorpo--rate features from both fixed and mobile systems. They are mobile in the sense that they have limited-mobility within a given area of the project site. They are fixed in the sense that they cannot be moved to all areas of the project site. An example would be dredge pump or jet pump systems that are attached to a portion of a jetty and can move along the jetty by the use of a railway.
6. The feasibility of bypassing at a particular inlet is controlled by the coastal processes in and around the inlet. Of major importance is the amount of sand to be bypassed (which is normally equal to the net longshore transport rate), the direction in which to bypass (downdrift or updrift), and the frequency at which bypassing needs to be conducted (continuous or intermittent).
St. Marvs River Entrance 7. The St. Marys River forms the boundary between the States of Georgia and Florida (Figure 1 ). The river's entrance on the Atlantic Ocean is protected by rock jetties on the north and south sides. At high tide the jetties are completely awash and provide little protection in severe storms.
Of more importance to this study, however, is the fact that the jetties are permeable and allow significant quantities of sand to pass through and into the navigation channel. Once sand flnds its way into the channel, tidal currents transport it into the offshore bar or into the flood tidal delta in the interior bay. The inlet itself is currently near a state of dynamic
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F i g u r e 1. V i c i n i t y map e q u i l i b r i u m and shows l i t t l e evidence of changing i t s geometry d e s p i t e t h e c o n d i t i o n of t h e j e t t i e s . There do, however, appear t o be s i g n i f i c a n t quant i t i e s of sand d e p o s i t e d i n t h e o f f s h o r e b a r and i n t h e e n t r a n c e channel leadi n g~ t o Kings Bay. Extensive dredging w i l l be r e q u i r e d i n t h e f u t u r e t o keep t h e b a r channel p a s s a b l e t o deep-draft v e s s e l s , so an e f f o r t t o minimize t h e amount of dredging needed i s d e s i r e d . To achieve t h a t end, sand bypassing i s b e i n g considered.
8. An e f f e c t i v e e v a l u a t i o n of sand bypassing a t any l o c a t i o n r e q u i r e s a thorough knowledge of t h e sediment t r a n s p o r t regime. Estimates of sediment t r a n s p o r t f o r S t . Marys Entrance and t h e a d j a c e n t a r e a s were c o l l e c t e d from a v a i l a b l e sources and a r e summarized i n Table 1 . Table 1 Yearly Sediment Transport Rate a t S t . Marys Table 2 . They ranged from 630,000 cu yd to the south to Walton 1980; Schneider 1981) . Sediment transport calculations were made using equations from the 1984 SPM. Unfortunately, the quality of observatkons was not good, nor were the records complete; however, the data are within the range of the other estimates. Monthly variations in
the sediment transport values were similar to the hindcast hata, with a majority of the southerly transport occurring in the fall and early winter and the northerly transport occurring in the spring and summer. b. The average yearly gross tramport rate or the amount of mate--rial that is available for deposition in the entrance channel is approximately 1,000,000 cu yd per year.
c. The average yearly maintenance dredging volume in the entrance -and offshore channel is 475,000 cu ydlyear at present and predicted (Vemulakonda et ale 1988) to be 780,000 cu yd/year for the Trident Channel.
F e a s i b l e Systems
17. Normally, sand bypassing systems a r e used t o reduce t h e amount of maintenance dredging r e q u i r e d i n i n l e t s t h a t have a s i g n i f i c a n t n e t longshorc t r a n s p o r t . The systems a r e o r d i n a r i l y designed t o bypass t h e n e t longshore t r a n s p o r t t o t h e downdrift beach. I n doing s o , t h e r e q u i r e d maintenance dredging of t h e e n t r a n c e channel w i l l be diminished by t h i s n e t amount. To t h e e x t e n t t h a t t h e n e t t r a n s p o r t comprises a l a r g e p o r t i o n of t h e g r o s s t r a n s p o r t , bypassing can be extremely f e a s i b l e and can provide s i g n i f i c a n t c o s t savings. With regard t o t h e S t . Marys e n t r a n c e , t h e n e t t r a n s p o r t of 90,000 cu yd/year t o t h e south i s a small p o r t i o n of t h e g r o s s t r a n s p o r t of 1,000,000 cu yd/year. Sand bypassing, i n t h e u n l i k e l y event t h a t i t would be t o t a l l y e f f e c t i v e , would remove l e s s than 10 p e r c e n t of t h e g r o s s t r a n s p o r t .
It does not appear t h a t bypassing t h e n e t l i t t o r a l t r a n s p o r t of 90,000 cu yd/ year w i l l s i g n i f i c a n t l y reduce maintenance dredging requirements i n t h e ent r a n c e channel. T h e r e f o r e , sand bypassing f o r t h e s p e c i f i c purpose of reduci n g maintenance dredging volumes i n t h e e n t r a n c e channel does not appear t o be f e a s i b l e .
Sand bypassing may be considered f e a s i b l e based on o t h e r considerat i o n s and more l i m i t e d expectatifins. There i s a p o s s i b i l i t y t h a t beaches i n t h e c i t y of Fernandina Beach would be improved by bypassing sand from t h e s h o a l j u s t south of t h e n o r t h j e t t y (Figure 3 ) . According t o t h e J a c k s o n v i l l e D i s t r i c t , t h i s s h o a l i s g r a d u a l l y a c c r e t i n g over time and t h e removal of sand i n a bypassing o p e r a t i o n would n o t a d v e r s e l y a f f e c t t h e s t r u c t u r a l i n t e g r i t y of t h e n o r t h j e t t y .
The bypassed m a t e r i a l could e a s i l y be t r a n s f e r r e d without d i s r u p t i n g n a v i g a t i o n by pumping i t through a p i p e l i n e placed under t h e chann e l .
The d i s c h a r g e p o i n t should be a t l e a s t 2 m i l e s s o u t h of t h e s o u t h j e t t y t o minimize t h e amount of sand moved t o t h e n o r t h by l o c a l wave e f f e c t s . The most e f f e c t i v e time t o conduct t h e bypassing from a c o a s t a l p r o c e s s e s standp o i n t would be during August. The f a l l and w i n t e r waves w i l l then move t h e bypassed sand t o t h e s o u t h providing nourishment t o t h e eroded beaches on
Amelia I s l a n d .
Sand bypassing from t h e i n t e r i o r s h o a l t o t h e beaches of Amelia
I s l a n d may o f f e r b e n e f i t s t o t h e Navy and t o t h e beaches of Amelia I s l a n d .
Since maintenance dredging w i l l be r e q u i r e d p e r i o d i c a l l y i n t h e e n t r a n c e chann e l and t h e i n t e r i o r s h o a l , t h i s m a t e r i a l w i l l have t o be disposed of i n Another b e n e f i t of bypassing i n t h i s way i n v o l v e s t h e economics of dredging. Large q u a n t i t i e s of m a t e r i a l can be moved i n a s h o r t period more e a s i l y i n p r o t e c t e d waters. I t may be more economical t o c o n t r a c t a l a r g e c u t t e r h e a d dredge ( l a r g e r t h a n 18 i n . ) t o dredge t h e m a t e r i a l i n p r o t e c t e d w a t e r s b e f o r e i t i s t r a n s p o r t e d o f f s h o r e where more expensive hopper dredges may be r e q u i r e d . The c u t t e r h e a d dredge could come f n once a y e a r d u r i n g t h e month of August and pump a t a h i g h production r a t e f o r a r e l a t i v e l y s h o r t p e r i o d of time. Dredging t h e i n t e r i o r s h o a l would be easy digging and t h e j e t t i e s would provide t h e r e q u i r e d wave p r o t e c t i o n f o r t h e dredge. By dredging j u s t t h e t o p 3.7 f t from t h e 1,450-by 5,100-ft s h o a l , a s much a s 500,000 cu yd could be removed and t r a n s p o r t e d t o Fernandina Beach. This would provide a s u b s t a n t i a l amount of nourishment i n i t i a l l y and s m a l l e r amounts could be bypassed t h e r e a f t e r depending on t h e needs of t h e beaches and d i s p o s a l requirements from maintaining t h e e n t r a n c e channel.
20. Another o p t i o n i n t h e above s c e n a r i o i s u s i n g c u t t e r h e a d dredges t h a t may a l r e a d y be performing maintenance work i n t h e upper Kings Bay t o do t h e bypassing by temporarily suspending o p e r a t i o n s d u r i n g t h e month of August and t h e n r e t u r n i n g t o complete Kings Bay a f t e r t h e bypassing has been comp l e t e d . I n t h i s way, m o b i l i z a t i o n and demobilization c o s t s could be minimized compared t o s e t t i n g up a s e p a r a t e c o n t r a c t t o do bypassing w i t h perhaps a d i f f e r e n t c o n t r a c t o r .
21. Cutterheads a r e not t h e only type of mobile system t h a t could be f e a s i b l e . Hopper dredges have been used t o maintain t h e e n t r a n c e channel and could be used i n a bypassing s c e n a r i o . I n f a c t , t h e Corps of Engineers hopper dredge, Comber, was used i n 1982 t o provide nourishment t o Fernandina Beach.
A f t e r f i l l i n g i t s hoppers, t h e dredge t i e d up t o mooring barges and pumped t h e sand through a submerged p i p e l i n e t o Fernandina Beach. Bypassing could be accomplished u s i n g hopper dredges i n t h i s t y p e of a p p l i c a t i o n ; however, an economic comparison could show c u t t e r h e a d dredges t o be more economical. A choice between t h e s e two types of dredges should be based on economics and a v a i l a b i l i t y r a t h e r t h a n t h e i n t r i n s i c p r o p e r t i e s of t h e dredge types.
22. Other t y p e s of bypassing systems were considered but none showed t h e promise of t h e e n t i r e l y mobile systems. Fixed systems would not be f e a s ib l e due t o t h e l a r g e a r e a of d e p o s i t i o n behind t h e n o r t h j e t t y and t h e d i f f ic u l t y i n l o c a t i n g bypassing i n t a k e s . F u r t h e r , they would r e q u i r e l a r g e c a p i t a l c o s t s t o be e f f e c t i v e , e s p e c i a l l y when so l i t t l e of t h e channel shoali n g would be remedied. Semimobile systems were a l s o considered but t h e l i m i t e d paved a c c e s s roads and t h e s e n s i t i v e n a t u r e of t h e p a r k l a n d s on
Cumberland I s l a n d make t h e s e systems l o g i s t i c a l l y d i f f i c u l t t o support. The mobile systems proposed r e q u i r e no land a c c e s s on Cumberland I s l a n d and do n o t r e q u i r e t h e h i g h c a p i t channel. This conclusion is based on several sources of data that show the net transport rate of 90,000 cu yd/year to be a small portion of the gross transport rate of 1,000,000 cu yd/yeas, Sand bypassing is most effective when the net rate comprises a large portion of the gross rate. Bypassing effectively removes the net transport amounts from the channel maintenance dredging requirements.
24. Bypassing may be considered feasible based on other considerations and more limited expectations. Maintenance dredging will continue to be needed in the entrance channel as will disposal sites for this material. The material consists of clean sands that can be used for nourishing beaches.
More detailed studies could indicate whether bypassing the material in the manner described herein would be more economical than allowing the material to enter the channel where it would likely be removed by conventional dredging equipment.
